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a b s t r a c t
Herein, we report the case of a 49-year-old woman with typical atrioventricular nodal (AVN) reentrant
tachycardia, conﬁned to the compact atrioventricular node, showing numerous rare electrophysiological
ﬁndings such as unique AVN reentrant echoes, double ventricular responses, latent retrograde dual AVN
pathways, antegrade triple AVN pathways, and longitudinal dissociation within the lower ﬁnal common
pathway.
& 2013 Japanese Heart Rhythm Society. Published by Elsevier B.V. All rights reserved.
1. Introduction
An atrioventricular (AV) nodal (AVN) reentrant tachycardia
(AVNRT) is one of the most common types of paroxysmal supra-
ventricular tachycardias (PSVT), which can be treated by radio-
frequency catheter ablation (RFA). Its underlying mechanism is
believed to be the presence of antegrade dual AVN pathways
(AVNPs) based on the longitudinal dissociation of the AV node,
however, it remains controversial whether the reentrant circuit is
conﬁned to the compact AV node [1–3]. The main focus is on the
issue of whether the upper ﬁnal common pathway exists between
the atrial myocardium and the AVNRT circuit, whereas from the
observation of successful ablation sites, the anatomical relation-
ship between the inferior nodal extension and the AVNRT circuit
should be noteworthy. Our patient was a 49-year-old woman with
a typical AVNRT conﬁned to the compact AV node, showing
presence of the subatrial upper and intranodal lower ﬁnal common
pathways in addition to numerous uncommon electrophysiological
phenomena.
2. Case report
Fig. 1 shows the surface 12-lead ECG recorded during a sinus
rhythm with a cycle length (CL) of 920 ms (A) and a clinical PSVT
with a CL of 400 ms (B). In panel B, the small negative waves
immediately after the QRS in the inferior leads and the small
positive wave immediately after the QRS in lead V1, indicated by
arrows, indicate that the PSVT is very likely to be a typical AVNRT [4].
An electrophysiological study (EPS) was performed using standard
multielectrode catheters placed in the high right atrium (HRA), apex
of the right ventricle (RV), His bundle region (HBE), and coronary
sinus (CS) after obtaining written informed consent. Baseline elec-
trophysiological parameters were as follows: sinus CL, atrio-His (AH)
interval, His-ventricular interval, AV Wenckebach block CL, and
ventriculo-atrial (VA) conduction block CL were 690, 70, 50, 375,
and 500 ms, respectively (not shown in the ﬁgure).
3. Baseline EPS (Fig. 2)
Initially, extrastimulation from the RV at a basic CL of 600 ms
showed no jump-up phenomenon and VA conduction block
at a coupling interval of 480 ms (not shown in the ﬁgure).
The antegrade AVN conduction was evaluated by extrastimulation
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from the HRA and the ostium of the CS (CSp) at a basic CL of
600 ms. Panels A and B show the surface ECG leads and the
intracardiac recordings obtained by the HRA-programmed extra-
stimulation with A1A2 coupling intervals of 320 ms and 300 ms,
respectively. In panel A, the extrastimulus could induce a typical
slow–fast type of AVN reentrant atrial echo (Ae) following a long
AV conduction time (380 ms; the second stimulus artifact (S2) to
QRS onset in lead II) after an antegrade fast AVNP conduction block
(the effective refractory period of 330 ms as shown in Fig. 4A).
Moreover, the Ae impulse reached the His bundle (He) requiring a
very long conduction time of 720 ms, which probably indicates the
conduction through a very slow AVNP, leading to the initiation of a
typical AVNRT with a CL of 510 ms. Similarly, in panel B, the
extrastimulus provoked a marked long AV conduction time
(550 ms), implying the prolongation of 170 ms compared with
that of 320 ms and the second jump-up phenomenon from the fast
pathway so the impulse could yield an eccentric Ae showing an
A2–Ae–H2 (–V2) sequence with an Ae–H2 interval of 100 ms
(shown with a bidirectional arrow). Thereafter, the Ae impulse
again resulted in the production of a typical AVNRT after conduct-
ing down the very slow pathway (Ae–He time of 680 ms). Notice
that the atrial activation sequence of the last 2 Ae depolarizations
was subtly different from that of the ﬁrst Ae, which shows that its
depolarization on the distal HBE (HBEd) electrogram is registered
slightly earlier than that on the CSp electrogram, on the other
hand, the last 2 Ae activation sequences seem to be different from
that of the ﬁrst Ae, although the last 2 Ae depolarizations on the
HBEd electrogram cannot be conﬁrmed because of fusion with the
ventricular depolarizations. This peculiar ﬁnding is explained later.
Similarly, extrastimulation at 290 ms could result in a further
prolongation of the AV conduction time (570 ms) and provoke a
similar eccentric Ae and AVNRT (not shown in the ﬁgure). How-
ever, no echo appeared at the r280 ms-A1A2 intervals irrespec-
tive of a sufﬁcient AV interval (not shown in the ﬁgure). These
phenomena could be observed by programmed stimulation from
the CSp as well.
Panel C shows that the AV dissociation based on the His-atrial
block (HAB) was observed during the AVNRT, which suggests that
the upper ﬁnal common pathway existed in the subatrial tissues
such as the AN and the N regions, therefore, the atrial myocardium
was not a necessary link in the circuit. Thus, the above-mentioned
different atrial activation sequence of the Ae depolarizations
illustrated in panel B may be explained by the presence of multiple
atrial inputs outside the upper ﬁnal common pathway of the
tachycardia circuit [5–7]. Namely, if the atrial input shifts toward
the CSp, the relationship between the Ae depolarizations on the
HBEd and on the CSp electrograms may be variable. The fourth
atrial depolarization (As) from the left in panel C could go down
both the antegrade fast (AH time, 140 ms) and the antegrade very
slow AVNP (AH time, 630 ms) simultaneously (double ventricular
responses [DVR]) [4,8], whereas the tachycardia appears to con-
tinue. This ﬁnding probably implies that the As impulse could
penetrate the reentry circuit by conducting down the fast AVNP,
and since the refractoriness of the tissue below the HBE yielded by
the impulse was shorter than 490 ms (630140 ms), the other
impulse conducting down the very slow AVNP could reach the
ventricle and reset (or reinitiate) the tachycardia.
Subsequently, RFA using a 4-mm tip ablation catheter was
performed at the maximal power of 50 W and a temperature of
60 1C. Energy applications were performed under ﬂuoroscopic
guidance at sites with multicomponent atrial potentials and
atrial–ventricular amplitude ratios of 1/10 to 1/7 irrespective of
the presence of a slow pathway potential. Energy was initially
delivered near the bottom of the CSp. If an accelerated junctional
rhythm (AJR) appeared by 30 s, RFA was continued up to 120 s,
however, if it did not, RFA was terminated and repeated at sites a
little above the initial delivery point up to half the height of Koch's
triangle. Successful ablation required a total of 8 delivery times
and a duration of 581 s with no procedure-related complications,
such as transient AV or VA blocks.
4. EPS after RFA (Fig. 3)
Panels A to D show intracardiac recordings of the HRA extra-
stimuli with A1A2 intervals of 320290 ms at a basic CL of
600 ms. The AV conduction intervals were increased gradually
rather than suddenly, so that an Ae with an A2–V2–Ae sequence
Fig. 1. Surface electrocardiography during a normal sinus rhythm and a clinical paroxysmal supraventricular tachycardia (PSVT). (A) A normal sinus rhythm with a cycle
length of 920 ms and (B) a clinical PSVT with a cycle length of 400 ms. The arrows indicate retrograde P waves. See the text for details.
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could be provoked only at 310 ms and 300 ms, followed by no
AVNRT initiation. The outcomes of extrastimuli, including other
A1A2 intervals, are illustrated as a post-RFA AV conduction curve in
Fig. 4A. Panel E shows that the elimination of the retrograde VA
conduction by RFAwas conﬁrmed during incremental pacing at a CL
of 600 ms from the RV. However, panel F shows that the VA
conduction reappeared with a long His-atrial time (220 ms, not
shown in the ﬁgure) during the AJR provoked by the administration
of isoproterenol (Isp). From the uniﬁed standpoint, the mechanism
of the Ae with the A2–V2–Ae sequence induced after RFA should be
ascribed to an atypical fast–slow AVN reentry. Therefore, the retro-
grade slow AVNP was considered as the native pathway rather than
the fast pathway modiﬁed by RFA. It was suggestive of the presence
of the latent retrograde dual AVNP physiology.
Fig. 2. Baseline electrophysiological study (EPS) ﬁndings. Panels A and B show EPS records associated with the extrastimulation from the high right atrium (HRA) at a basic
600-ms cycle length, while panel C shows atrioventricular (AV) dissociation and double ventricular responses during the AV nodal reentrant tachycardia (AVNRT) at a paper
speed of 50 mm/s.
Surface ECG leads I, II, and V1 and intracardiac electrograms from the HRA (p, proximal; d, distal), His bundle region (HBE; middle portion, HBEm), coronary sinus (CS), and
apex of the right ventricle (RV) are shown from top to bottom. S1, A1, H1, V1 and S2, A2, H2, V2 indicate stimulus artifact, atrial, His bundle, ventricular depolarization at basic
stimulation and extrastimulation, respectively. Ae and He indicate atrial echo and His depolarization during AVNRT, respectively. These abbreviations, the electrogram
arrangement, and the paper speed are the same as in the next ﬁgures. The ﬁgures on lead II indicate the interval from S2 to the onset of the QRS wave, implying a substitute
for the AV conduction time.
Panel A (A1A2, 320 ms) shows that extrastimulation could induce a typical slow–fast form of AV nodal (AVN) echo (Ae) after AV interval prolongation (380 ms), and the
impulse could reach the His bundle, requiring 720 ms through the antegrade very slow pathway. Thereafter, a common type of AVNRT with a 510-ms cycle length (CL)
started. Note the fusion of all Ae and ventricular depolarizations. Panel B (A1A2, 300 ms) shows that extrastimulation could provoke the further prolongation of an AV
interval (550 ms), so that an eccentric Ae with an A2–Ae–H2 sequence was induced preceding the H2 depolarization by 100 ms (shown by a bidirectional arrow),
subsequently, the impulse proceeded over the very slow pathway (Ae–He time, 680 ms), again leading to AVNRT initiation. Note that the activation sequence of the last two
Ae depolarizations differed slightly from that of the ﬁrst Ae. See the text for details.
Panel C shows AV dissociation and double ventricular responses (DVR) during the typical slow–fast form of AVNRT with a CL of 510 ms (360þ150 ms). As, sinus atrial
depolarization; HAB, His-atrial block; Hf and Hs, antegrade His depolarizations corresponding to the fast and the very slow AVN pathway (AVNP) conductions, respectively.
The second As from the left could simultaneously conduct in an antegrade fashion over both the fast pathway with a conduction time of 140 ms (As to Hf) and the very slow
pathway with a conduction time of 630 ms (As to Hs). The total values of the ﬁfth and sixth R–R intervals from the left (960 ms) are 60 ms shorter than the double cycle
lengths of the tachycardia, indicating that the As could reset (or reinitiate) the tachycardia. See the text for details.
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Fig. 4A shows antegrade AV conduction curves before (solid
line) and after (broken line) RFA without Isp infusion, where the
ordinate and abscissa indicate an AV interval (ms) and an A1A2
interval (ms), respectively, the former showing the presence of
antegrade triple AVNPs, the latter showing shortness of the
effective refractory period and facilitated conduction of the fast
pathway, and elimination of the slow and very slow AVNPs.
Judging by these ﬁndings, sites impaired by ablations could be
determined to include the antegrade slow and very slow AVNPs,
and the retrograde fast AVNP but not the retrograde slow AVNP
(Fig. 4B) [9]. The programmed stimulation from the HRA per-
formed with Isp infusion after RFA delineated a smooth AV
conduction curve and did not produce Ae because of further
facilitation of conduction over the antegrade fast pathway (not
shown in the ﬁgure).
5. Discussion
The existence of a variety of unique electrophysiological ﬁnd-
ings, such as antegrade triple AVNPs, latent retrograde dual AVNPs,
and compact nodal reentry due to the presence of subatrial upper
and intranodal lower ﬁnal common pathways, is uncommon.
Furthermore, it is very uncommon that the DVR of one sinus beat
and an eccentric pattern of the slow–fast typical AVN echo as
preceding a His potential could be observed in the same patient.
With regard to the eccentric atrial echo, Josephson [4] stated that
the early retrograde P wave can be rarely detected as the ‘pseudo-
Q wave’ in inferior leads and that this phenomenon was based on
the conduction delay below the circuit in a lower ﬁnal common
pathway. However, to our knowledge, it has never been reported
that the typical AVN echo markedly precedes the H2 potential
Fig. 3. Electrophysiological study ﬁndings after radiofrequency catheter ablation. Panels A to D show extrastimulation at A1A2 intervals of 320 ms to 290 ms. The AV
intervals were gradually prolonged as the coupling interval decreased. At that point, only extrastimulation at A1A2 intervals of 310 and 300 ms can induce an atrial echo (Ae)
with an A2–V2–Ae sequence. Panel E shows the last 2 stimuli of incremental pacing at a CL of 600 ms from the RV and the absence of retrograde VA conduction. Panel F
shows that a retrograde conduction reappeared during accelerated junctional rhythm (AJR) provoked by isoproterenol (Isp) administration. Ar, retrograde atrial
depolarization; H, His depolarization; St, stimulus artifact. Figures on the HRAd and the HBEd electrograms indicate the A–A and H–H intervals, respectively. Judging
from the atrial activation sequence and the A–A intervals, the last 2 atrial depolarizations (Ar) were strongly conﬁrmed to be conducted in a retrograde fashion into the AV
node. Note that an H–Ar interval (220 ms, not shown in the ﬁgure) is too long to conduct over a retrograde fast pathway. See the text for details.
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before RFA (Fig. 2B). Accordingly, we hypothesized the mechanism
of the eccentric Ae as follows: despite the fact that the decrease of
the A1A2 interval from 320 ms to 300 ms could provoke the
marked prolongation of the AV conduction time to as long as
170 ms (550380 ms), the increment of the interval from the S2
to the initial Ae was just 40 ms (420380 ms). Assuming that the
lower turnaround point of the antegrade AVNP to the retrograde
fast pathway was ﬁxed and the retrograde conduction time
through the fast pathway was constant, the 40-ms increment
should correspond to the difference of conduction time for each
A2 impulse at A1A2 intervals of 320 ms and 300 ms to reach the
lower turnaround of the antegrade AVNP. Therefore, the remaining
prolongation of the AV interval, 130 ms (17040 ms), should be
occupied by conducting over the lower ﬁnal common pathway. If
this is the case, the eccentric Ae should be induced by the A2
impulse antegradely conducting over the slow but not the very
slow AVNP and retrogradely going up the fast AVNP, which
indicates the jump-up within the lower ﬁnal common pathway
rather than that from the slow to the very slow AVNP, therefore,
the longitudinal dissociation has to exist within the lower ﬁnal
common pathway as well, probably the intranodal portion.
Although the hypothesis may not seem to be in favor of the
presence of the antegrade very slow AVNP, the very long initial
Ae–He intervals (720 ms and 680 ms in Fig. 2A and B, respectively)
strongly suggested the existence of the antegrade very slow
pathway rather than the excessively decremental conduction in
the slow pathway. Alternatively, the lower turnaround of the very
slow AVNP was localized to the more proximal site than that of the
slow one, so the eccentric Ae appeared. This assumption can be
deﬁnitely denied by the fact that the second Ae depolarization
following the ﬁrst Ae impulse, conducting in an antegrade fashion
down the very slow pathway and in a retrograde fashion up the
fast pathway, appeared after the ﬁrst He as shown in Fig. 2A and B.
It is also important to prove that the eccentric Ae beat was not
based on other reentrant circuits except the AVN, e.g., intra-atrial
reentry originating near the AV node. Although it is not easy to
completely exclude this intra-atrial hypothesis, the ﬁnding that
the Ae induced with A1A2 intervals of 320 ms and 290 ms before
RFA could be rendered noninducible after elimination of the
antegrade slow and very slow AVNPs by RFA (Fig. 3A and D) can
become greatly disadvantageous to the hypothesis. Moreover, RFA
applied to the usual slow pathway areas could abolish both the
antegrade slow and very slow AVNPs below the distal end of the
retrograde slow pathway and above the HBE as shown by Inoue et
al. [10]. This indicates that both the antegrade slow and very slow
pathways partly existed in the inferior nodal extension emanating
from the compact node (Fig. 4B). Finally, although the phenom-
enon of DVR can be rarely observed [4], it can occur theoretically
with the conditions that an antegrade conduction time over a slow
(or very slow) AVNP is longer than the effective refractory period
of tissue below a lower turnaround point produced by an impulse
conducting over an antegrade fast pathway and that there is little
or no linkage between the antegrade fast and slow (or very slow)
AVNPs [11]. The presence of antegrade triple AVNP may be a great
advantage of this phenomenon.
The study has several limitations. First, since the CL of a clinical
PSVT differs from that of an induced AVNRT (400 vs. 510 ms,
respectively), their mechanisms may differ as well. However, the
difference can be explained by different autonomical balances in
the clinical state and in our cardiac laboratory. Second, EPS was not
performed under Isp administration before the RFA. If the proce-
dure had been done, improvements in retrograde fast and ante-
grade slow AVNP conduction might have veiled some of the
above-mentioned rare electrophysiological phenomena [4]. Third,
the hypothesis that the AV conduction curve at baseline implied
the antegrade dual AVNP physiology with a longitudinal dissocia-
tion of the lower ﬁnal common pathway instead of the triple AVNP
may be accepted. However, since the real potential of the AV node
cannot be recorded directly, it is impossible to determine whether
the hypothesis is correct. Some of the above-mentioned unique
phenomena, including the DVR, would be more advantageous to
the triple than to the dual pathway physiology. Finally, although
Fig. 4. (A) Demonstration of the antegrade atrioventricular (AV) conduction curves before and after radiofrequency catheter ablation (RFA). (B) Schematic diagram of the
tachycardia circuit and the ablation site.
Panel A: The solid and broken lines indicate antegrade AV conduction curves obtained by extrastimulation at the HRA before and after RFA, respectively, without Isp infusion,
where A1A2 coupling intervals are plotted on the abscissa and AV intervals (S2 to QRS onset on lead II) are plotted on the ordinate. The solid line demonstrates the presence
of the triple AVNPs as indicated by the sudden AV interval prolongation, the so-called jump-up phenomena. The ﬁrst jump-up was observed between the 340-ms
(corresponding to the 260-ms AV interval) and 330-ms (350 ms) A1A2 intervals, and the second between 320-ms (380 ms) and 300-ms (550 ms) A1A2 intervals. The broken
line demonstrates the shortness of the effective refractory period of the fast pathway and a smooth curve suggestive of no slow pathways.
Panel B: AVSP and ASP, the antegrade very slow and slow pathways; UCP and LCP, the upper and lower ﬁnal common pathways; FP, the fast pathway; RSP, the retrograde
slow pathway; RTC, the reentrant tachycardia circuit. The oval area and the wavy and curved lines represent the total AV node, including the inferior nodal extension, and the
slow and fast pathways, respectively. The curvy broken line implies a slowly conducting pathway within the LCP revealing a longitudinal dissociation. The asterisk shows the
ablation area and the putative retrograde conduction block site. Notice that the RSP and the atrial tissue played no essential role in the tachycardia and that the distal end of
the RSP was localized to the proximal ablation area. See the text for details.
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effective pacing methods to evaluate the presence of an upper or
lower ﬁnal common pathway have been proposed [1,4,12], accu-
racy can be compromised in cases such as ours, which involve the
upper and lower ﬁnal common pathways.
In summary, we described the case of a typical slow–fast form
of AVNRT that was conﬁned to the compact AV node because of
the presence of both subatrial upper and intranodal lower ﬁnal
common pathways, showing numerous uncommon electrophysio-
logical characteristics.
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